
Dynamic Modeling of Parthenon Pronaos 
1.0 PROBLEM STATEMENT 

The model is based on the study of Psycharis et al. (2003). The Parthenon Pronaos is a column-

architrave classical structure. The original study was done to help with a restoration project of the 

colonnade of the Pronaos that had collapsed after a great explosion in 1687. Because the structure is 

located in a region of known earthquake activity (Athens, Greece), the dynamic behavior under 

different magnitudes of excitation was examined. 

2.0 MODELING PROCEDURE 

2.1 Geometry 

The model is composed of three columns in the SE corner and the architraves linking them. The corner 

column is also connected by architraves to the side wall end. A segment of about 4 m of this wall is 

included in the model, in a very simplified manner, to provide support for the architraves. 

The columns are each composed of a 9.38 m shaft topped by a capital, bringing the total height to 

10.08 m. In the 3DEC model, the columns are simulated with 10-sided drums using the block create 

drum command. The columns are thinner at the top than at the bottom so different values are given 

for radius-1 and radius-2. The shafts are then divided into 12 drums of different heights according to 

actual measurements. 

Each capital is represented in the model by two blocks, which are joined together so no relative motion 

is possible between them. The architraves and walls were then modeled as simple bricks. The model 

geometry is shown in Figure 1. 

 

 

Figure 1 Model geometry. 



2.2 Properties 

The blocks are assumed to be rigid, but the faces are triangulated with the command block face 

triangulate radial. This places a node at the center of each face to produce more accurate contact 

calculations than the default case where no center node is present. The triangulated faces are shown 

in Figure 2. 

A Mohr-Coulomb joint constitutive model was assigned to the joints, and the properties used are 

shown in Table 1. 

 

 

Figure 2 Block geometry showing triangulated faces. 

 

Table 1 Rigid Block and Contact Mechanical Properties used in the Model 

Block Properties  

Density 2,700 kg/m3 

Contact Properties 

Normal Stiffness 1 GPa/m 

Shear Stiffness  1 GPa/m 

Friction Angle 36.87° 

 

  



2.3 Static Solution 

Full damping is turned on by using the command model dynamic active off. Gravity is turned on 

(model gravity 0 0 -10) and the initial static solution is obtained (model solve ratio 1e-8). Note that a 

small, unbalanced force ratio is specified to damp out all the motion before applying the earthquake 

load. 

2.4 Damping and Seismic Input 

The command model dynamic active on is used to turn dynamic mode back on and set the damping 

to 0. A small amount of Rayleigh damping is applied (0.3%). A center frequency of 1 Hz is assumed. 

Only mass-proportional damping is used to prevent reduction of the timestep that results when 

stiffness-proportional damping is also used. Therefore, the critical damping component is set to 0.6% 

to obtain the right amount of damping. The command used is block mech damp rayleigh 0.006 1.0 

mass. 

The seismic action was applied to the base block of the model by prescribing the three components 

of velocity. The records used correspond to an earthquake that occurred in Kalamata, Greece in 1986. 

This earthquake was recorded on hard ground at a distance of about 9 km from the epicenter, and its 

magnitude was Ms = 6.2. The record samples the near-field strong motion that caused considerable 

damage to the buildings of the city of Kalamata. The duration of the strong motion is about 6 seconds, 

and the maximum horizontal acceleration is 0.27 g. The accelerations were integrated to obtain 

velocities for use in the 3DEC model. The three components of velocity applied to the base of the 

model (block apply) are shown in Figure 3.  



 

Figure 3 Velocity histories corresponding to the Kalamata earthquake. 

Velocities shown are 0.5 times the actual magnitude. 

 

3.0 RESULTS 

The earthquake load was applied with different scaling factors from 1 to 3, corresponding to peak 

ground accelerations of 0.26 g to 0.78 g. After 30 seconds of earthquake loading, the damping was set 

to a high value and another 35 seconds was simulated. At the end of the test, the final displacements 

of the bottom block were subtracted from all block displacements. 

The block positions and final displacements for a scaling factor of 1 (the true earthquake) are shown 

in Figure 4. The same plot for a scaling factor of 3 is shown in Figure 5. You can see that in this case, 

there is over half a meter of displacement in one of the columns and that one of the top blocks falls 

from its initial position in this plot.  

 



 

Figure 4 Block locations and displacements resulting from earthquake 

loading with a scaling factor of 1. 

 

 

Figure 5 Block locations and displacements resulting from earthquake 

loading with a scaling factor of 3. 
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